ABSTRACT This paper provides a new way of representing the actors and relationships of a university-type innovation ecosystem based on knowledge. Thanks to this new representation, analysis, and management of knowledge flows are enabled not only qualitatively but also quantitatively, being possible to use well-known tools, such as social network analysis (SNA). Through this contribution, it is possible to analyze both the behavior of the actors individually and the behavior of the ecosystem as a whole in university-type innovation ecosystems, which contributes to adding new knowledge of great relevance for decision-making. Using this new analysis framework, this paper analyzes the dynamism of innovation ecosystems through the assessment of entrepreneurship role, which is tested within the Universidad Politécnica de Madrid (UPM) case. In addition, to show the potential of this new framework, a series of new concepts is introduced, such as connectors and events, which act as activators for the improvement of the structure and dynamism of the innovation ecosystem.
I. INTRODUCTION
In the last few decades, we quickly have moved from a society of information accumulation to one that many authors have referred to as ''the knowledge society'' [1] . Any organization, public and private, needs to manage knowledge in all areas of their activity, be it technological, business, human resources, etc. [2] . It is crucial during the knowledge management process, to make numerous decisions in order to facilitate this process. In the decision-making processes, the representation of information often plays an important role to allow for proper interpretation. The representation of information during these innovation processes also facilitates qualitative and quantitative analysis.
Knowledge is much more than mere information, as it provides added value to the products and services of any organization, thus becoming a very useful element to address complex problems in increasingly dynamic and globalized contexts, such as the innovation ecosystems. These ecosystems are composed of actors, which make up networks
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''Innovation ecosystems consist of countless individuals, communities, organizations, material resources, rules and policies across large and small businesses, universities, colleges, government, research institutes and labs, and financial markets within a given region which collectively work towards enabling knowledge flows, supporting technology development, and bringing innovation to market''.
Researches of innovation and entrepreneurial ecosystems can be divided into three periods [5] : early stage (before 2005), where qualitative studies predominate, development stage (2006) (2007) (2008) (2009) (2010) , and upward stage (2011-present) . In upward stage, the number of quantitative studies, especially network analysis, are increasing gradually. Our paper is framed within the type of quantitative studies of the upward stage. Specifically, our paper draws on three distinct, but interrelated literature streams: knowledge management, value network analysis, and understanding the innovation process in higher education.
Due the important role of universities (higher education) in the innovation system, there is an urgent need to bring VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ issues related to innovation in higher education to the center of innovation studies [6] . However, while studies dealing with issues related to the network analysis in industrial ecosystems [7] - [10] proliferate, there is very little theoretical understanding of the innovation process in higher education [6] and it is not found the application of network analysis for these purposes. Studying networks, with networks being understood as the interrelations existing in the innovation ecosystems between their different actors, could be useful not only to understand their own network features and patterns, but also to understand more about the actors' behavior within the ecosystem [11] . This ecosystem understanding can help to clarify what, when, how and why knowledge flows, to know the level of dynamism of the innovation ecosystem. Our paper contributes in several ways. This paper presents a new framework of analysis and decision-making tools for the management of innovation ecosystems, specifically university-driven innovation ecosystems, and the application of this framework to a real scenario, i.e. the Universidad Politécnica de Madrid ecosystem (UPM), for understanding the innovation process in higher education. The UPM is a technical Spanish university (specialized in engineering and architecture) with a clear commitment to innovation, thanks to its relationship with both public and private organizations, which make up its innovation ecosystem. The framework allows the representation and measurement of these innovation ecosystems in such a way that complex questions can be answered, such as: what is the role played by entrepreneurship in the dynamism. The framework is composed of a model to represent innovation ecosystem actors and their interactions in graph format, as well as a set of tools to analyze the features and behavior of the modelled ecosystem, which are mostly based on social network analysis (SNA).
The paper is structured as follows: after the introductory section, the next section discusses the theory background, where the article introduces the basic concepts and arise the research questions. This section is followed by an outline of the methodology in the third section, where the different methods and tools of the new framework are shown. In the fourth section, the presented framework is applied to the case of the UPM, with the aim of demonstrating both its usefulness for analysis and decision-making, and understanding the role played by entrepreneurship in the dynamism of the university-driven innovation ecosystems. Finally, the last section discusses the results and how they can be interpreted, as well as the highlighting the limitations of the study and future research directions.
II. RESEARCH QUESTIONS AND THEORY BACKGROUND A. RESEARCH QUESTIONS
This research attempts to answer the following research questions:
• (H1) How is it possible to systematically monitor and analyze the structure and fluxes of a university-driven innovation ecosystem for decision-making?
• (H2) Is entrepreneurship a key element in the growth of the dynamism of a university-driven innovation ecosystem? The first question tries to give rise to the demonstration of the possibility of applying a quantitative analysis framework that allows analyzing and managing knowledge flows for the case of innovation ecosystems of university type, since that no previous examples of analysis of this type are known, applied to ecosystems of university type. The second research question aims to analyze the effect that entrepreneurship has on the dynamism of innovation ecosystems of university type, which is presumed to be key.
The present work is conducted to help widen the knowledge basis on management of university-driven innovation ecosystems and proposes a methodology based on network analysis.
B. UNIVERSITY-DRIVEN INNOVATION ECOSYSTEMS
Universities are not isolated entities immune to society changes. They also suffer the consequences of other deep changes in society and they share with other institutions the fate of society evolution [12] . During the 2010-2020 decade, the quick evolution towards the so-called ''digital economy'' as well as the exponential growth and availability of innovative solutions based on ''digital platforms'' embedded in collaborative economy, are affecting public and private entities by disrupting the value-chains throughout all economic sectors. The higher education sector is not immune to it. The key question at this stage is to assess at what extent universities will continue to play a main role in society. This is where innovation could play an important role for university competitiveness and subsistence, but also for their sustainability in time.
University-driven ecosystems are generated when the organizations belonging to a university act as attractors for developing and transferring disruptive ideas through spin-offs or other partnerships with consolidated high-tech companies. These ecosystems usually provide platforms or subsystems where other actors can develop their own products or services [13] , in the same way that historically appears in industry-driven ecosystems [14] . The cases of MIT in Boston (Massachusetts, USA) and Stanford University in Palo Alto (California, USA) are examples emulated in other places over the world with mixed results. In the EU, similar emulation is happening in the UK's Cambridge and Oxford universities. In this sense, university-driven ecosystems' intent is to attract many other actors around them to facilitate and increase their innovation rates.
Sometimes, the influence of public administrations with some university higher performers is stronger and facilitates the creation of these ecosystems. The case of Huawei in Shenzhen (China) [15] is a good example of an industrydriven innovation ecosystem, driven by five public authorities over long periods of time. In the EU, the cases of Sweden around Lund University or Switzerland around the Swiss federal universities such as the ''Ecole Polytechnique 
Fédéral de Lausanne'' (EPFL) in Lausanne or ETH in
Zurich are recent examples of university-driven innovation ecosystems [14] , where innovation interests converge between national or federal authorities and the universities themselves.
C. THE ROLE OF ENTREPRENEURSHIP IN UNIVERSITY-DRIVEN INNOVATION ECOSYSTEMS
A common set of economic pressures has led the various sectors of higher education to adopt entrepreneurial models of financing and service [16] . From the perspective of business creation, entrepreneurship can contribute to the universitydriven innovation ecosystems' generation, development and sustainability in many ways. In fact, entrepreneurship is seen as a major engine for economic growth and job creation, also by and for universities [19] .
From a perspective of dynamism, entrepreneurship is a source of agitation of competitive conditions, generating conditions of ''creative destruction.'' According to Schumpeter [20] , entrepreneurs make certain industries obsolete while creating new ones. Thus, entrepreneurs seek change and take advantage of change as a source of new opportunities [21] . Here lies precisely the relevance and the true importance of entrepreneurship for innovation ecosystems and their dynamism, not only for the creation of new companies but also for the attraction of other organizations. Fig. 1 depicts examples of different types of entrepreneurship and innovations associated as a function of markets and products/services.
As reflected in Fig. 1 , entrepreneurship and its influence in the innovation ecosystem will depend on the target markets (traditional or new markets), where the services or products generated by the actors of the ecosystem would be launched. Furthermore, the following factors determine the development and sustainability of ecosystems themselves: the sources of the aforementioned products and services, the resources and services offered for the development of the ecosystem, and the processes implemented during their development with involved actors. Within the university-driven innovation ecosystems case, the main source of entrepreneurship usually will come from research (closer to the type of entrepreneurship related to non-existent products and processes in Fig. 1) .
As commented at the beginning of this section, public universities (and some public research centers) are receiving considerable pressure from public administrations to develop specific internal mechanisms in order to exploit the results of Research and Development projects funded by governmental programs. For the efforts made in science and technology, taxpayers (and governmental officers on behalf of them) expect to see returns from their taxes in terms of better quality of life and increased visibility. As a result, universities are motivated to protect their research results (via patents or other IP tools) and to move protected items to the market as an institutional strategy to ''exploit'' the research results [23] . Technical universities are even more pressed of acting in the address of exploitation, because the relevance of applied research in their project portfolio make them more capable to react to public administration pressure.
In recent years, universities have focused more on the creation of spin-off companies as a means of transferring the knowledge generated by their research activities [24] . According to Lackéus and Williams [25] , literature on venture creation at the university falls under multiple streams, including university entrepreneurship [26] , academic entrepreneurship [27] , incubation [28] and university spin-offs [29] . The literature on university spin-offs specifically addresses new firm creation at the university. Pirnay et al. [29] define university spin-offs as ''new firms created to exploit commercially some knowledge, technology or research results developed within a university''. In this paper, we will focus on the creation of spin-off and start-ups, when referring to entrepreneurship.
D. THE IMPORTANCE OF KNOWLEDGE MANAGEMENT IN THE INNOVATION PROCESS
Innovation is presented as one of the most important tools for improving the competitiveness of organizations [30] . Innovation is a process composed of a set of technical, organizational, productive and commercial stages that lead to the successful launch in the market of new manufactured products or new services. It is therefore a complex and diversified activity [32] , with many interacting components that serve as sources for new ideas. The nature of the characteristics and activities of this process can result in much uncertainty within innovation [33] . For that reason, the management of innovation is particularly important, especially at a time when competitiveness crosses borders, due to key issues such as globalization and digitalization. It necessitates continuous monitoring of factors that could affect development and, ultimately, the sustainability and survival of organizations.
The process of innovation depends on knowledge [34] . ''Innovation, that is the application of knowledge to produce new knowledge'' [35] . Knowledge could be explicit or tacit [36] . Explicit knowledge is based on universally accepted and objective criteria. It has the character of public goods and it is a knowledge that can be easily coded and transferred. On the other hand, tacit knowledge is encoded knowledge and resides in the organization's system. This knowledge is important but difficult to interpret and transfer (uncodified) from one organization to another. Tacit knowledge can be obtained from partner organizations through their close and frequent interactions. Tacit knowledge transfer makes a significant contribution for organizations to develop great innovation capability [37] . Hence, better use of existing knowledge and more effective acquisition and assimilation or new knowledge becomes the business imperative [38] .
Knowledge management has become a very common terminology for organizations over the last decade. There are new perspectives to explore the root problem of managing knowledge, by focusing on the relationships within the networks of complex systems. According to [39] , the network perspective combines both tangible and intangible value through complex dynamic exchanges between individual, groups or organizations.
E. FROM THE NETWORK THEORY TO THE VALUE NETWORK
Network theory is the study of graphs as a representation of either symmetric relations or asymmetric relations between discrete objects. Network theory has applications in many disciplines, such as ecology, economics, operations research, sociology, etc. Network Analysis help in solving some common problems in many disciplines and visualizing them at a much grander scale and abstraction.
Value network generates economic value through dynamic and complex exchanges between companies, suppliers, strategic partners, etc. Value networks exhibit interdependence. These value exchanges can be mapped as flow diagrams showing goods, services, revenue streams, as well as knowledge flows, and creation of value [40] . Dynamics, which is visible through the value network perspective, is relevant when describing business models at a company level [9] . According to [41] , a business model consists of a set of managerial choices and their consequences. Each choice may result in different outcome; thus, they drive dynamism.
The nodes in a value networks represent roles. The nodes are connected by interactions that represent tangible and intangible deliverables. These deliverables take the form of knowledge or other intangibles or financial value. Two elements are included in intangible value: knowledge and benefits. Intangible knowledge exchanges include strategic information, planning knowledge, process knowledge, technical know-how, collaborative design and policy development; which support the product and service tangible value network [42] .
The purpose of value networks is to create the most benefit for the actors involved in the network [39] . In order to succeed, knowledge must be shared to create the best situations and opportunities. Since value networks are instrumental in advancing business and institutional practices, a value network analysis can be useful in a wide variety of business situations. Resource deployment, delivery, market innovation, knowledge sharing, and time-to-market advantage are dependent on the quality, coherence, and vitality of the relevant value networks, business webs, and business ecosystems. Mergers, acquisitions, expansion to new markets, new product groups, new partners, new roles and functions, anytime relationships change, value interactions and flows change too [42] . Understanding the transactional dynamics is vital for purposeful networks of all kinds, including networks focused on creating knowledge value.
Value network analysis offers a way to model, analyze, evaluate, and improve the capability of a business to covert both tangible and intangible assets into other forms of negotiable value, and to realize greater value for itself [43] . Purposeful networks, such as organizations, consist of specific roles and value interactions oriented toward the achievement of a particular task or outcome. Other kinds of networks cross organizational and industry boundaries, such as innovation networks, with the shared purpose of creating a particular social good or outcomes, such as improving education. Value network analysis was first developed in 1993 and was adapted in 1997 for intangible asset management. Value network analysis has been tested in applications from shop floor work groups to business webs and economic regions. It draws from a theory based in living systems, complexity theory, system dynamics, knowledge management, and intangible asset management [43] .
III. METHODOLOGY
Our approach consists of the following elements:
1) Modeling the university-driven innovation ecosystem. Section III A introduces a new method that allows the representation of the actors and relationships of an innovation ecosystem based on knowledge. 2) Social Network Analysis application to the model. Section III B introduces the SNA tool, which can be applied to the new innovation ecosystem representation generated thanks to the new taxonomies in Section III A. 3) Generation and application of new tools and metrics. Thanks to the contents of Sections III A and B, it is possible to create new tools for their application to innovation ecosystems of a university nature.
In Sections III C and D, respectively, new tools for calculating dynamism and other actuation tools, such as connectors and events, are shown. 4) Application of the new approach. In Section IV, the new analysis framework is applied to the case of the innovation ecosystem of the UPM. This section shows the direct application of the general metrics of SNA and of dynamism in particular, to demonstrate the effect that entrepreneurship has on the dynamism of the ecosystem and, therefore, on its operation in general. The approach and its application are something that has not been done before. This contribution demonstrates in a practical way the potential for analysis and creation of new tools for these purposes in university-driven innovation ecosystems. In particular, through this contribution, it is possible to analyze both the behavior of the actors individually and of the ecosystem as a whole in university-type innovation ecosystems, which contributes to add new knowledge of great relevance for decision-making.
The elements of this approach are described in more detail in the following sections and subsections.
A. MODELING THE UNIVERSITY-DRIVEN INNOVATION ECOSYSTEM
Literature proposes a few approaches to create a modeling language for organizations interactions, such as the e3-value model, the c3-value, the value network's model of intangibles, and more recently MOBENA [10] . The main problems of these models are that the methodologies tailored for business ecosystems are very few, the others neglect interdependences or focus only on tangible or intangible aspects, and they limit potential for strategic analysis [10] . On the other hand, in the literature there is not find specific models for university-driven innovation ecosystems. In this type of ecosystem, knowledge flows mainly from organizations dependent on the university, within the dimensions of education and research, transforming into innovation, in the form of new companies, and new products and services consumed by organizations of all kinds. Thus, the various organizations can be represented on the dimensions defined within ''the knowledge triangle'' [3] , because the knowledge connects organizations.
It is important to represent the knowledge process, through the definition of the roles of producer and consumer, in university-driven innovation ecosystems. The definition based on the roles of organizations with respect to knowledge, allows the monitoring of knowledge from its conception, how its transformation takes place, and even its consumption. That is why the representation of these systems is undoubtedly a complex task. To address this complex task, the framework proposed is based on two new taxonomies, which were presented during the ISPIM (International Society for Professional Innovation Management) Innovation Symposium in Kuala Lumpur of December 2016 [44] . In addition, these taxonomies allow the representation of organizations and relationships in graph format, with which well-known quantitative techniques can be applied, such as SNA, as well as other associated tools and techniques.
According to [44] , the types of actors are subject to the different roles that they play within the ecosystem in relation to knowledge, whether as generators, transformers or consumers of knowledge. In this sense, actors can be classified into four groups: producers, primary consumers, secondary consumers, and innovation support organizations (organizations that help maintain the cycle of knowledge, through its management, processing and support). Furthermore, the types of relationships that can be established between the various actors of the ecosystem are described below in Table 1 .
B. SOCIAL NETWORK ANALYSIS (SNA)
Many analysts and researchers are using SNA to try to understand networks as economic entities with some limited focus on intangible outcomes and exchanges. SNA, sometimes referred as organizational network analysis when applied to organizations, is being used in some organizations to understand knowledge flows (one kind of intangible) and the network patterns of expert communities [43] . Both value network analysis and SNA draw from exchange theory and address the question of how social relationships convert into other forms of value [45] . A SNA modeling language moves network analysis to being a tool for decision-making.
Therefore, the framework of analysis and decision-making presented in this paper for the university-driven innovation ecosystems will consist of applying the SNA on the graph generated from [44] , and taking into account all the learning of the value networks [40] , [43] , [45] . With this framework, VOLUME 7, 2019 it is possible to obtain metrics that can drive to answers from specific questions such as the current dynamism of the innovation ecosystem.
SNA provides a set of powerful techniques for the study of social interactions empirically. Specifically, SNA allows for measuring the features of a network and the position of the actors of an innovation ecosystem [46] . This is a quantitative method that helps us obtain the social structure from the relationships established among social entities such as people, groups and organizations [47] . SNA can be applied, among other things, to analyze large data sets of patent registrations to examine collaboration in research and development or to analyze citations of academic publications to study scientific collaboration and impact. For a large number of nodes, it is difficult to manually and systematically visualize and analyze networks, so computer software is normally employed to analyze network data [48] .
1) MEASURES RELATED TO THE STRUCTURE OF THE NETWORK
Many measurement techniques have been developed to characterize and compare network structures and roles. Some techniques allow the comparison of the network structures together: for example, the investigation of network structure effectiveness for the achievement of goals. The first set of measurement techniques that we utilize is based on the network general structure analysis and the level of integration that characterizes the network; where the network components are identified as well as the density and cohesion of the whole network and the components are analyzed [47] , [49] .
SNA has developed a set of categories, procedures, and algorithms that give us information about network structure, such as the ''Density of the network'', ''Unipolarity'', ''Integration and ''Centralization''.
2) MEASURES RELATED TO THE CENTRALITY OF ACTORS IN THE NETWORK
The centrality (non-directed networks) or prestige [50] (directed networks), is a measure of an actor's position in the overall structure of the social network. These metrics are used to identify the key players in the network. They show how relationships are concentrated in a few individuals, giving an idea of their social power.
The analysis of centrality is represented through the following properties [49] : degree, closeness, betweenness, and EigenCentrality. These metrics are a form of being able to be defined and to become operative the centrality.
Apart from general metrics, it is possible to identify additional ones through the application, combination and adaptation of these general metrics on the innovation ecosystem graph. In the next section, it is presented a relevant metric related to the behavior of innovation ecosystems: the dynamism.
C. DYNAMISM
There is a great relationship between innovation and knowledge. As commented above, innovation depends on knowledge to produce knowledge [35] . On the one hand, organizations that create and use knowledge rapidly and effectively are able to innovate faster and more successfully than those that do not. On the other hand, obtaining knowledge from outside organizations is an efficient way of improving innovation capability [37] . Indeed, in the international studies, strategic alliances are form of knowledge transfer that is more efficient than developing knowledge by organizations themselves.
Innovation ecosystems are systems that, in essence, create, move and transform knowledge. In particular, the dynamism may let us know what the capacity of the ecosystem at any given time is to move knowledge, but also monitoring its evolution over time and make decisions based on this metric.
According to Oxford dictionaries, dynamism can be defined as follows:
• (Quality) The quality of being characterized by vigorous activity and progress. For example, ''the dynamism and strength of the economy''.
• (Philosophy) (historical) The theory that phenomena of matter or mind are due to the action of forces rather than to motion or matter. In organizations, the dynamism concept, according to the first meaning of the above definition related to an attribute or quality (since we are using it to qualify innovation ecosystems), can be associated to the movement or vigorous activity. Specifically, in the case of the proposed framework for university-driven innovation ecosystems, the movement will be associated with the essential element of these ecosystems: knowledge. Knowledge moves in the graph among the different actors of the ecosystem through their relationships. Therefore, the ''mobile'' element is a type of knowledge (scientific, technological, business-oriented, etc.) and what is sought is what causes it to move, i.e. ''what forces act'' to cause that movement. A clear example in a universitydriven ecosystem is the creation of a spin-off from the common knowledge shared by people from various departments, or even university centers.
Thereby, in innovation ecosystems, dynamism can be associated with the actors and their relationships, taking into account the following:
• The more relationships there will in the ecosystem, higher will be its potential dynamism because actors will have more options for moving knowledge through these relationships.
• The more actors there are in the ecosystem, higher will be its potential dynamism because it will have more actors for moving the knowledge (this will only be true when the number of relations provided by the new actor to the ecosystem is enough to maintain or increase the pre-existing dynamism). With respect to its calculation, the simplest measure that can be imagined to establish the relationships between points and lines is the density of the graph. Density represents the number of links that are established between the nodes in relation to a maximum number that could be established if all the actors were directly connected by a line with all the others; in such a way, the maximum density is 1 (for a complete graph) and the minimum density is 0 [51] . Therefore, on the graph created from [44] , starting from the density formula (Den = 2Ln (n-1)) and using the degree measure (CD (ni) = j (xij)), which represents the number of actors to which an actor is directly connected, is possible to calculate the dynamicity as described below:
(From a minimum of 0 or low dynamism to a maximum value of 1 or high dynamism) Where:
• A, number of actors • R, number of relationships between two nodes (edges of the graph)
• N, types of relationships (competition, predation, parasitism, mutualism, commensalism, and consumerism)
• Mi, degree of actor i As simple example of use, using the dynamism formula in the ecosystem X, showed in Fig. 2 , the result is the following:
Dynamism (X) = ((Rij+Rik+Ril) + Rji + (Rki+Rkl+ Rkv) + (Rli+Rlk+Rlz) + (Rvk+Rvz) + (Rzl+Rzv))/ (6 * (6-1) * 6) = ((2+2+1) + 2 + (2+1+3) + (1+1+6) + (3+4) + (6+4))/(6 * 5 * 6) = (5+2+6+8+7+10)/(30 * 6) = 38/180 = 0.21 (at first instance and in absence of more information, it means low dynamism, because it is closer to the 0 value than the 1 value)
Where: A = 6, R = 7, N = 6, M = {i=3, j=1, k=3, l=3, v=2, z=2}
D. ACTUATION TOOLS: CONNECTORS AND EVENTS
Each actor of an ecosystem has its own goals and interests, although many times they are pre-configured based on their roles or functions (institutional missions) [52] . So, in general terms, organizations with the role of ''producer'' access to innovation ecosystems to participate in the ''production'' of education and research activities, such as educational programs and research projects (mainly). Primary consumer organizations access to innovation ecosystems to carry out innovation using knowledge from education and research dimensions [44] , getting innovation whether in the form of new patents, spin-off, etc. Secondary consumer organizations access to innovation ecosystems to commercialize or consume innovation products and/or services. Finally, support organizations will access to innovation ecosystems in order to support the maintenance of the cycle of knowledge, through its management, processing and supporting [44] . VOLUME 7, 2019 As seen, not all organizations seek the same when they access to innovation ecosystems. This is an important point and one that should be considered since from its understanding it is possible to conclude very relevant decisions that can be taken to benefit the satisfaction of actors, but also to improve the sustainability of the whole ecosystem [31] . Since an innovation ecosystem needs actors to work, one key aspect is to know how to attract relevant actors and how to retain them into the ecosystem [53] . From that perspective, any given ecosystem will have a series of connectors and events that will help improve its dynamism and sustainability over time.
''Connectors'' are timeless elements (although all things are related to time in one way or other, according with their function and comparing with the ''events'', connectors are less dependent to the time variable), used by the actors of the ecosystem in a recurrent way to interrelate them in a voluntary basis without being forced to do so (actors feel themselves attracted by one specific connector of the ecosystem due their own interests and motivations). On the other hand, ''events'' are elements associated to specific moments in time, which provoke the interaction of actors of the ecosystem around a specific connector or set of connectors; then, actors are retained into the ecosystem because of these events. Both connectors and events, complement each other, making the ecosystem more dynamic, more ''alive'', attracting and keeping actors into the ecosystem.
Examples of connectors and events can be found in different types of ecosystems:
• In people ecosystems (non-digital), for instance a beach ecosystem, a volley-ball net installed on the beach or a soccer/rugby ball are typical examples of connectors, while a concert of a group of musicians in a beach bar or a Zumba class into the water are usual examples of these events.
• In ecological ecosystems, we can find examples of events such as migrations of birds, and a puddle of water or lake as a connector where the animals of a certain region meet regularly to drink water, cool off, etc.
• In a social network, as a typical case of a digital ecosystem, the publication of a photo or even a post is the typical case of an event, while the influencers are clear cases of connectors.
• In innovation ecosystems, the usual connectors are the so-called support organizations. It could also exist connectors with the role of producer or consumer. However, the support organizations are the most common, since one of their main functions is to help maintain the ecosystem. In the case of the innovation ecosystem of the Universidad Politécnica de Madrid (UPM), an example of connector is the ''Center for Technology Innovation'' (CAIT), which carries out this role, connecting entrepreneurs of the university with investors and business experts, among many other complementary roles; as example of events, the annual business models competition organized within a university community (actúaupm). The ''Office for International Projects'' (OPE) of the UPM plays a similar role for researchers preparing proposals for calls for participation in projects for programs such as the H2020 of the European Union; one event is the information day for a specific call issued by the European Commission. The application of these concepts and metrics to the context of innovation ecosystems implies a set of steps:
• First, identify or attract the different groups of ecosystem organizations to know about their objectives and interests (the most information that is possible to collect) to increase their relevance for increasing the value and impact of the ecosystem.
• Then, identify or design and implement (if they do not exist yet) connectors and events tailored specifically to each group, according to the strategy and resources of the innovation ecosystem, to attract and energize the organizations of greatest interest for the ecosystem, even the creation of new ones, that allow its dynamism and sustainability over time. In open innovation [54] , the concepts of connectors and events can also be applied. For example, in an open innovation ecosystem associated with a company, a usual connector would be its IT department and the associated event would be a call launched by that department to solve a specific challenge of interest to the organization. A business incubator could also be represented as an example of a connector in an innovation ecosystem and the different phases of its incubation program such as associated events.
IV. RESULTS

A. CASE USED TO TEST THE NEW FRAMEWORK
In this section, it is shown a way to conduct the framework to systematically monitor and analyze the structure and fluxes of a university-driven innovation ecosystem for decisionmaking. The case used to test the new framework is the Universidad Politécnica de Madrid innovation ecosystem.
UPM is a Spanish technological university strongly focused on transforming the knowledge generated into advances applied to the production sector. The UPM reacted to the pressure from public administrations to develop specific internal mechanisms in order to exploit the results of Research and Development with the creation of the Center for Technology Innovation (CAIT) in 2012 as a part of the activities funded by the Campus of Montegancedo in Madrid. CAIT became the main driver for supporting this change process by following other similar approaches developed in the EU. Through the institutional entrepreneurship (actúaupm) and commercialization of technologies (innovatech_UPM) programs, open to the rest of the university, the UPM was able to build up and consolidate a solid reputation in Spain as the leading university in technology transfer outcomes. In particular, the success of the actúaupm entrepreneurship program in the UPM (managed by the CAIT) with around 20 new companies created annually (248 since 2007) was able to attract more than e60M since 2007 from venture capital firms.
From the previous historical period and reinforced in the last decade at the international level, there is a strong connection with the interests of industrial sectors which has derived in a very large number of contract research agreements and joint participation in collaborative research at the national and international level. Consequently, schools, departments and individual faculty members of the UPM keep a continuous and solid relationship with the industrial sector through a number of funding instruments and personnel interactions in research, education and knowledge transfer activities [26] . Thus, the university-driven innovation ecosystem of the UPM is composed of organizations belonging to the structure of the UPM (schools, foundations, research centers, CAIT, Business Center, etc.) and other organizations, such as industrial partners (e.g. Accenture), public entities (e.g. EIT Digital), start-ups, spin-offs, etc.
In the following sections, the framework will be applied to the UPM ecosystem. The first objective is to establish the framework for the analysis and monitoring of the UPM ecosystem. To do this, the graph of the UPM ecosystem will first be created using the representation model shown in section III. A '' MODELING THE UNIVERSITY-DRIVEN INNOVATION ECOSYSTEM''. Once the ecosystem has been modelled, through the graph, the SNA and dynamicity metrics will be applied to the graph. The final objective is to assess the impact of entrepreneurship in the dynamism of the UPM ecosystem, using the following UPM actuators: CAIT as connector and actúaupm program as event.
It will be followed the following steps, which will facilitate the systematically application of the framework and, therefore, obtaining the necessary information to know the impact of entrepreneurship on the ecosystem dynamism:
1) Identify the organizations that conform the skeleton of the UPM innovation ecosystem; i.e. from where the knowledge begins to flow within the ecosystem (producer organizations core or core producer system). 2) Identify the organizations that support the innovation ecosystem; i.e. the organizations that originally support that knowledge continues to flow in the ecosystem (support organizations core). 3) Describe how core organizations are connected (both, producers and support). Core organizations are the organizations that are essential part of the structure of the ecosystem, from knowledge starts and flows. 4) Use available sources of information to represent the universe of connections around the organizations that conform the core of the ecosystem analyzed; i.e. identify the rest of producer, support and consumer organizations that are connected to the core organizations (if possible, it is recommendable to use several years to analyze the evolution over time and be able to extract more conclusions). 5) Use tools and metrics to analyze the UPM innovation ecosystem; i.e. explain how organizations are connected, how the knowledge flows, the most influencer organizations, detect malfunctions, calculate the dynamism of the ecosystem and draw conclusions for supporting decision making about the ecosystem. In short, the purpose in the UPM case is to do:
• An analysis of the dynamism of the ecosystem, in order to verify that the ecosystem is prepared to house the flow of knowledge and know how the entrepreneurship affects the dynamism.
• An analysis of the actors and ecosystem behavior using SNA metrics on the ecosystem model representation (graph).
• Extraction of conclusions, suggestions and recommended actions, based on information collected.
B. IDENTIFICATION OF PRODUCER ORGANIZATIONS CORE
An organization can be defined as a collection of people organized together into a community or other social, commercial or political structure, who share common goals, based on the definition of W3C. In the case of UPM, its technical schools, departments, research groups, and research centers can be defined as the organizations (actors) that compose the core structure of the UPM innovation ecosystem (at the time of this article, UPM disposes of 17 centers between faculties and engineering schools, 60 departments, 204 research groups, and 19 research centers).
C. IDENTIFICATION OF SUPPORT ORGANIZATIONS CORE
In the UPM, the support organizations related to innovation are found, mainly, in the Rectorate of UPM. These organizations belong to the Vice-rectorate of Research, Innovation, and Doctorate (there are more organizations in the UPM ecosystem in relation to innovation and they depend on other vice-rectors: the realization of projects with the private sector goes through the USRE and the OTT that depend on another vice-rector's office; the educational innovation agreements belong to a different vice-rectorate; the universitybusiness chairs depend on another vice-rectorate too, as well as the foundations). There are different sub-organizations that depend on the Rectorate to support the innovation ecosystem, but those most related to innovation are the Center for Technology Innovation (CAIT), the Business Center, the Office of Transfer of Research Results (OTRI) and the Office of European Projects (OPE). In this case, since the analysis pretends to assess the impact of the entrepreneurship in the dynamism of the ecosystem, the support organization used for the analysis will be the CAIT.
D. HOW CORE ORGANIZATIONS ARE CONNECTED
The producer organizations of UPM are connected as follows:
• One department belongs to one center and usually maintains with it a relationship of commensalism.
• One center has one or more departments.
• One research group belongs to one or more centers and maintains with them a mutualism relationship.
• One center has one or more research groups. • One research group belongs to one department and maintains with it a mutualism relationship.
• One department usually has one or more research groups.
• One research group can belong to one, many or no research center and maintains with it a mutualism relationship.
• One research center has one or more research groups. Furthermore, as seen above, the support organizations of UPM belong to the Rectorate (with the exception of foundations), which are connected in turn to all the producer organizations of UPM. Therefore, since Rectorate is connected to all organizations, in Fig. 3 it is only represented the innovation ecosystem core with the producer organizations, in order to distinguish better their connections. In addition, the support organizations role can be seen much better through the representation of the organizations that they attract and help to connect, as ecosystem's connectors.
As Fig. 3 depicts, almost all the organizations of the ecosystem are connected although there are three groups of organizations that are not connected to the rest of the ecosystem (three centers with their respective associated departments and research groups). This is typically found in whatever ecosystem, due to the specialization of its organizations, recent events happened into the ecosystem, arising from very new organizations, etc.
E. USE OF INFORMATION SOURCES
There are different sources where it is possible to find relevant information for describing the activities that are typically involve within an innovation ecosystem, such as patents, projects, new spin-off and so on. In this sense, considering the stages of the whole innovation process, from the discovery stage to the commercialization of the technology, their main actors (according to the classification of Jackson [55] ) and roles played in relation to the knowledge process (based on [44] ), it is possible to identify in Fig. 4 these sources of information.
At this point it is important to highlight that in all the sources of information depicted in Fig. 4 can be identified, at least, one main connector (it is normally an organization of support belonging to the ecosystem), that helps to the generation and development of such actions and, hence, to the existence of this source of information. In fact, at the UPM, CAIT acts as main ''connector'' in the creation of start-ups and spin-offs through the actúaupm ''event'', which takes place every year and it is composed by different activities or events too. The main source of information used in the case study is the S2I database, owned by the UPM. This database stores the information related to the different administrative research entities of the university. In addition, S2I also stores the spin-off created within the university, and their relationship with existing university entities. This information is updated instantaneously with each change of state of a company (creation, disconnection with the entities of the university or closure). Fig. 5 shows a simplified view of the S2I relational model:
All this information will serve to create the innovation ecosystem model of the UPM. In the model, there is a more stable part, formed by the administrative entities whose changes are unusual, and a more dynamic part that represents the spin-off.
F. MEASUREMENT, ANALYSIS AND EXTRACTING CONCLUSIONS
As mentioned above, start-ups and spin-offs are typical examples of R&D&I outcomes in university-driven innovation ecosystems. For that reason, the information depicted in Fig. 4 as ''Start-ups/Spin-offs'' is analyzed below to assess the impact of entrepreneurship in the dynamism of the UPM ecosystem (on the UPM producer organizations' core). It will be compiled in an evolution analysis in the last five years, from 2013 to 2017.
The UPM ecosystem (specifically the CAIT organization with the actúaupm event, which is its entrepreneurship institutional program) is creating an average of 20 companies per year (other well-known examples, such as the MIT, are creating 25 companies per year). However, the information of TABLE 2. Dynamism of the UPM innovation ecosystem obtained from the information extracted from the S2I database of the UPM and the network analysis and visualization tool Gephi.
TABLE 3.
Number of relationships required per companies added to the ecosystem to keep the same dynamism obtained from the information extracted from the S2I database of the UPM and the network analysis and visualization tool Gephi. Table 2 shows that the dynamism decreases every year with the adding of the new organizations coming from the current UPM event.
Therefore, from the UPM ecosystem point of view, the adding of new companies (spin-off and start-ups) in relation to the creation of new relationships into the ecosystem is not enough to preserve or even increase its dynamism as can be seem in Table 2 . Of course, the new companies added are potential opportunities for the ecosystem. However, the opportunities are such when are taken advantage through actions, reflected in relationships such as (see Fig. 4 ): projects, patents, etc. The data of Table 2 confirms that only the creation of companies in entrepreneurship does not improve to the dynamism of the ecosystem. It is necessary something more: an increase of relationships and to generate more connectors and events. Table 3 depicts the relationships that would be needed to have with respect to the new companies added, in order to keep, at least, the dynamism of the ecosystem.
At this point, it is noteworthy that in the UPM case only has been used the information from the creation of the startups and spin-off through the CAIT as connector and the event of actúaupm. That is, it is a simplified version that will have limitations if external responses are sought to the scope of action of the decision-making regarding the management of the actúaupm event. However, with this example, it has been possible to show how the entrepreneurship affects the ecosystem, which was the purpose of the current paper and what is intended to demonstrate with this example.
From previous analysis it would be required the activation of other connectors (CAIT) and events (actúaupm) to preserve and even increase the dynamism during the creation process. For instance, promoting the connection between the UPM core organizations and the new start-ups and spinoff in one or several of the stages of the process: adding co-working sessions, sharing of research results to their commercialization, etc.
In addition to the dynamism metric, SNA can provide another evidence of the low dynamism of the ecosystem. In Table 4 , some SNA metrics can help for this purpose.
The first metric that indicates low dynamism is the Density. ''Graph density'' represents the number of links that are established between the nodes in relation to a maximum number that could be established if all the actors were connected directly by one line with all the others. In this case, Table 4 shows a decreasing from the UPM core to the year 2017.
Another metric that confirms the decreasing of the dynamism is the referred to the ''Connected components'' in Table 3 . As can be seen, this metric starts with 4 components unconnected (see Fig. 3 to identify these components) and finish with 44, which indicates that were added new organizations to the ecosystem that were not connected with the rest of the ecosystems, that is, they did not add new relationships. As seen above, this contributes to the decreasing of the ecosystem dynamism.
There are other benefits of using SNA on the innovation ecosystem graph. For example, it is possible to know what are the most influencer organizations of the ecosystem, what are the entities that intermedia between two different sectors and so on (in Table 5 , can be seen some examples).
Below, Fig. 6 depicts the intermediary organization between the ''ICT'' and ''Transport, security, and space'' sectors in 2017 for the UPM case (the colors represent the different industrial sectors identified in the ecosystem). Organizations in blue belong to the ''Transport, security and space'' sector and the red ones to the ''ICT'' sector. The information obtained in the two examples in Table 5 can be very useful for decision-making. For example, taking advantage of the influence of the ''ETS DE INGENIEROS DE TELECO-MUNICACIÓN'', in the year 2017, the UPM could extend the use of certain software or the promotion of any activity throughout the UPM, putting all the resources in convincing only this organization (avoiding making a broadcast type communication to the whole ecosystem). In another example, if an ICT organization of the UPM ecosystem, asked whom it would have to contact to explore possibilities for carrying out an investigation project in the aerospace sector, the direct answer would be to contact the ''CENTRO DE INVESTI-GACIÓN EN SIMULACIÓN COMPUTACIONAL''.
V. DISCUSSION
The present work present a proposal of a systematic methodology to monitor and analyze the static and dynamic structure of a university-driven innovation ecosystem using SNA, thus responding to the first research question (H1). The results within this study showed a new way of representing and analyzing university-driven innovation ecosystems at a quantitative level, in the same way as other examples found for industry-driven ecosystems [7] . The goal of this paper was to show, through a very specific and limited example, the possibility of opening new lines of research to obtain further and better information to improve our understanding of ecosystems and innovation processes in higher education. Thanks to the application of SNA on the ecosystem of innovation modelled from [44] , new ecosystem data are continuously generated, and continuous monitoring of the ecosystem can be carried out, which allows for an analysis and incremental decision-making.
More specifically, the present study was also conducted to analyze the dynamism of innovation ecosystems through the assessment of entrepreneurship role, which is tested within the case of Universidad Politécnica de Madrid (UPM), in order to respond the second research question. The effects of entrepreneurship on dynamism of the ecosystem were examined to ascertain their significance. The study hypothesized that the entrepreneurship is a key element in the growth of the dynamism of a university-driven innovation ecosystem [H2]. The results show that entrepreneurship had a positive impact in terms of the number of actors in the ecosystem. However, this growth of ecosystem actors does not result in a growth of the dynamism, which is an evidence in the same line as previous research [56] . Effectively, the dynamism was observed to be directly related to the relationships established between the actors. Therefore, new actors can act as energizers of the ecosystem, enabling the possibility of new paths for knowledge and, therefore, innovation. However, they do not increase the dynamism of the ecosystem until they can truly exploit these pathways, through the creation of new relationships with other organizations of the ecosystem. This fact offers information to the managers of the innovation support organizations for the creation and design of new events and connectors that favor the creation of actors as well as the increase of their interaction with the ecosystem.
Once internal primary sources of information within the UPM were consulted on these results, they confirmed that, even if there are proven interests in fostering entrepreneurship on behalf of the university (the UPM offers start-ups and spin-off the necessary support for its creation and obtaining seed capital), there is no clear written strategy nor rules on inclusion for the new start-ups and spin-off generated in the ecosystem. Despite not having a defined inclusion system, there is an organization within the university, the ''Business Center'', which locates technological companies that have association with the UPM (at least, to be associated with one of the UPM associated organizations) and want to be included within the ecosystem. However, according to the sources consulted, the Business Center was not created to house the spin-off generated by the ecosystem, with the aim of granting them greater freedom. On the other hand, these internal UPM sources also revealed that there are 25 spaces in the Business Center and that the rotation of companies within the allocated spaces is not annual. This fact, effectively, confirms that the Business Center does not really act as an effective nor sufficient tool to attract or retain (as connector) the new companies generated through the actúaupm entrepreneurship program (around 20 new companies per year).
The presented study has a scope limited to the field of the dynamism and entrepreneurship based on the creation of spin-off at the UPM. Authors considered this approach for three main reasons:
1) The quantitative analysis of the relationships established in any innovation ecosystem is a complex task. In the case of university-driven innovation ecosystems is not an exception. To address this issue, the study was scoped to the relationships of dynamism and entrepreneurship. Although the framework has been designed with a broader horizon, all final design decisions, as well as simplifications, have been thought to establish relationships between these two variables.
2) The formal model of representation, based on graphs, is sufficiently flexible to cover other cases than those presented. However, it has been simplified to represent the organizations where knowledge arises in the university (schools, departments, etc.) and the creation of spin-off related to the research activity of these entities. This simplification leaves out other aspects related to university-driven innovation such as the collaboration of companies, the generation of patents, specialized training in industrial areas, etc.
3) The information related to innovation processes is usually highly scattered and, sometimes, it is not precise. Although the data is expanding in universities, most of the data in regards to the entrepreneur ecosystem and associated relationships are still scattered across individual office desktops, departments, and come in various formats, therefore, making data consolidation and retrieval difficult [57] . In order to carry out this study, demanding processes have been defined for the centralization and treatment of the sources of information related to the creation of spin-off and their relations with university entities. However, these processes have not yet been developed for other aspects of the innovation management at the UPM. It is important to highlight that the results obtained from the quantitative analysis are used only as a further assessment element for decision-making in matters related to innovation management. Specifically, with the creation of new events and connectors within the university environment.
VI. CONCLUSIONS
This study was conducted to show a new systematic way of establishing a process of monitoring, analysis and incremental decision-making in a university-driven innovation. On the other hand, the importance and impact of entrepreneurship was shown on the dynamism of innovation ecosystems of this type.
What can be concluded from the obtained findings is that entrepreneurship in some ecosystems can act simply as a generator for the results of spin-off and start-up product exploitation. In addition, in view of the results, the decrease of dynamism by adding new actors to the ecosystem can act as an indicator or detector of the existence of a breakdown of the connectors within the ecosystem.
Another conclusion that can be drawn from the above analysis is that in cases which entrepreneurship has been configured as a tool for exploitation, if there is an imbalance between production and the demand of the ecosystem, the imbalance (as a result of the entrepreneurial process), could transform these newly generated companies into new actors within the ecosystem with a role as a consumer, generating new connectors and events for attraction and retention.
This example of dynamism in this paper has been only one small portion of the broad spectrum of ecosystem analysis. Thanks to these newly developed taxonomies analyzed within this paper and the SNA, the new framework can be applied to a wide range of decision-making activities, as well as improving the relevance of those activities.
In future research, creating a directed graph that illustrates the path followed by organizations, from the production of knowledge until the market (from the producers to the consumer's organizations), can help demonstrate typical paths to success and whether or not it is advisable to follow them. The potential of these tools enables the exploration of concepts such as what are the top producers of the ecosystem (which are the most active departments and which are not in a specific activity), what is the most influent organization in the commercialization of technologies, etc.
In addition, the proposed framework allows the integration of new analysis techniques for innovation ecosystems. Using the different relationships between organizations (commensalism, mutualism, etc.), it would be possible to calculate the sustainability of the actors and the whole ecosystem, e.g. using the Game Theory [58] (this type of analysis technique requires specific research and is out of the scope of this article).
The directed graph model utilized for the presentation of the university-driven innovation ecosystem can facilitate both analytics and comparison or aggregation operations with other innovation ecosystems. The graph structure is similar to the models that are being used in other areas of knowledge to represent problems with an unmanageable number of entities and interactions between them. An example may be the area of the semantic web. Semantic web deals with the problem of a meaningful representation of the real world. In this field, the semantics are attempted to be stored as a connection of concepts that has the shape of a huge graph. This type of semantics could be applicable to innovation ecosystems so that each entity is defined by its interactions and not so much by an established a priori role. In this sense, it could be possible to start with the definition of some basic ontologies [59] that facilitate a first representation of innovation ecosystems and, in the future, allow the modeling, comparison or aggregation with other similar systems. 
